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An approach to study the mechanism of information
processing in a neural circuit is to identify synaptic con-
nectivity between neurons. As recent advances in experi-
mental techniques facilitate simultaneous recording of a
large population of neurons, estimation of synaptic con-
nectivity from multiple neural spike train data has become
a major goal in computational neuroscience. Although it
is important to develop an accurate method, it is difficult
to validate a method on the basis of experimental data
because of the lack of knowledge regarding synaptic
connectivity.
In this contribution, we have developed a method to
estimate synaptic connection on the basis of a coupled
escape rate model (CERM), which is an extension of the
escape rate model [1]. The strength of the synaptic con-
nection was determined by maximizing the likelihood
function. We applied this method as well as model-free
methods (transfer entropy and cross-correlation [2]) to
synthetic spike train data. The synthetic data were gen-
erated by a cortical network model, which consisted of
thousands of Hodgkin-Huxley type neurons [3]. These
methods are applied to the spike data generated by the
cortical network model with different topologies of
synaptic connectivity (regular, small-world, and ran-
dom). It should be noted that the true connectivity is
known and the estimation performance can be evaluated
by the receiver operating characteristic (ROC) analysis.
Our results demonstrated that all methods gave better
results for nonrandom (regular and small-world) net-
works than for random networks. Furthermore, CERM
is considered to be the optimal method because it does
not involve binning and requires smallest observation
length. Therefore, despite high computational costs,
CERM is a most suitable method to estimate synaptic
connections from multiple spike train data.
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